Petasites formosanus KITAMURA (Compositae) is a perennial herb and wildly distributed in Taiwan on high altitude mountains. It has been utilized as a folk medicine for antidote, analgesic, expectorant and for the treatment of hypertension and snake-bite.
two steroids; b-sitosterol (39) 6) and b-sitosterol-b-D-glucopyranoside (40), 7) two glycerol esters; phosphoric acid I (41) 8) and glycerol ester II (42), 8) fifteen benzenoids; p-hydroxybenzaldehyde (43), 9) 3,4-dihydroxybenzaldehyde (44), 10) p-hydroxybenzoic acid (45), 11) vanillin (46), 12) vanillic acid (47), 13) methyl protocatechuate (48), 14) methyl paraben (49), 15) protocatechuic acid (50), 16) p-methoxyphenylpropanoic acid (51), 17) cis-caffeic acid (52), 18) methyl caffeate (53), 19) ferulic acid (54), 20) caffeic acid (55), 21) chlorogenic acid (56) 22) and N-p-coumaroyltyramine (57), 23) one sulfoxide; 3-methylthio-2-propenoic acid methyl ester (58), 23) one flavonoid; morin (59), 24) one inositol; scyllo-inositol (60), 25) one b-lactone; 3-methyl-b-lactone (61), 25) and one triterpene; lupeol (62). 26) The known compounds were characterized by the comparison of their spectroscopic data with those reported. All the new compounds were determined to be optically active and proved to consist of a bakkenolide-type skeleton bearing two substituents on C-1 and C-9, except 10, 11 and 21 which have one substituent only on C-9, by comparison of their 1 H-NMR spectra (Tables 1-4 ) as well as by 1 H-1 H homonuclear correlation spectroscopy ( 1 H-1 H COSY) spectra, 1 H-detected heteronuclear multiple quantum coherence (HMQC) spectra, the 1 H-detected heteronuclear multiple bond connectivity (HMBC) spectra and the nuclear Overhauser and exchange spectroscopy (NOESY) spectra with those of bakkenolides-B (33) and -D (34) which were also found in this plant. The full assignments of the 1 H-and 13 C-NMR signals were also achieved by two dimensional (2D) NMR spectrometry. According to the NOESY spectra, the stereochemistry of the substituent on C-1 was deduced to be in the a direction because of the presence of nuclear Overhauser effect (NOE) between H-1 and H-10, H-15, whereas the stereochemistry of the substituent on C-9 was suggested to be in the b direction due to the NOE between H-9 and H-4. The complete structure and absolute stereochemistry of bakkenolide-D (34) 4) was further confirmed by a single crystal X-ray analysis and the result will be published elsewhere.
Bakkenolide-Db (1) exhibited the molecular formula C 21 H 28 O 7 S with the aid of high resolution electron impact mass spectrometry (HR-EI-MS). Except for the bakkenolide signals in the 1 H-NMR spectrum, the remaining peaks showed an acetoxy group at d 2.00, and a cis-3-methylsulfinylacryloyloxy group (OCOCHϭCHSOCH 3 ) at d 2.84 (3H, s) for sulfoxide methyl, and 6.01, 6 .98 (each 1H, d, Jϭ10.3 Hz) for cis double bond protons. The regiochemistry of these two groups was determined by an HMBC experiment. The carbonyl carbon at d 169.5 (C-1Љ) presented the HMBC correlations with the acetoxy methyl (d 2.00) and H-9 (d 5.76), indicating the acetoxy group was attached on C-9. Therefore, the cis-3-methylsulfinylacryloyloxy group should be on C-1. Compound 1 had UV absorption at 286 nm which corresponded to the cis-3-methylsulfinylacryloyloxy moiety. The circular dichroism (CD) spectrum of 1 showed a positive Cotton effect at 291 nm (Deϩ1.39), indicating the absolute configuration of sulfoxide group was R. 27, 28) From the above data, the structure of bakkenolide-Db was suggested as 1.
Bakkenolide-Dc (2), an isomer of 1, showed almost the same spectral data as those of 1. The significant difference was the CD spectrum of 2 which exhibited a negative Cotton effect at 288 nm (DeϪ0.74) by the cis-3-methylsulfinylacryloyloxy group. This result indicated that the absolute configuration of the sulfoxide group should be S. 27, 28) Thus, the structure of bakkenolide-Dc was determined to be the epimer of 1 at the sulfur atom. 27, 28) Bakkenolides-Dg (6) and -Dh (7), the regio-isomers of 1 and 2, respectively, showed acetoxy substituent on C-1 and cis-3-methylsulfinylacryloyloxy substituent on C-9 which were proved by the 1 H-13 C long range correlation of the carbonyl carbon of C-1Ј with H-1 and acetoxy methyl. Bakkenolide-Dg (6) exhibited R configuration on the sulfur atom whereas bakkenolide-Dh (7) exhibited S configuration due to the positive Cotton effect (Deϩ1.27) at 296 nm found in 6 and negative Cotton effect (DeϪ3.13) at 297 nm in 7. 27, 28) Bakkenolides-Fa (8) and -Fb (9), C 25 H 36 O 6 , are regio-isomers with each other. Two substituents, isovaleroyloxy and angeloyloxy (trans-OCOC(CH 3 )ϭCHCH 3 ) groups, were observed from the 1 H-NMR spectra. The trans geometry of two methyl groups in the angeloyloxy group was proved by the chemical shift of vinyl H-3Ј (or H-3Љ) at d ca. 5.00 29) and the presence of NOE between H-3Ј (or H-3Љ) and C-2Ј (or C-2Љ) methyl. From the HMBC spectra, the C-1Љ carbonyl (d 172.0) showed the cross peaks with isovaleroyloxy methylene (d 2.00, H-2Љ) and H-9 (d 5.76) in 8, whereas the C-1Ј carbonyl (d 172.2) exhibited the relationship with the isovaleroyloxy methylene (d 1.94) and H-1 (d 5.06), and C-1Љ (166.0) with the angeloyloxy methyl (d 1.80, H-5Љ) and H-9 (d 5.90) in 9. This result led us to conclude that the isovaleroyloxy group is on C-9 for compound 8 and on C-1 for compound 9.
Bakkenolide-I (10) 3 ] group. The presence of NOE between the signal at d 1.83 (H-2) and the signal at d 5.78 (one of the terminal double bond protons) indicated the 3-hydroxy-2-methylenebutyroyloxy group should be attached on C-1. Hence, the acetoxy group would be on C-9.
Bakkenolide-X (27), C 17 H 24 O 5 , exhibited two substituents, a hydroxyl at 3566 cm Ϫ1 from the IR spectrum and an acetoxy group at d 2.01 from the 1 H-NMR spectrum. The signal of H-9 shifted upfield to d 4.52 as that in 21, 24 and 25, indicating that the location of the hydroxyl group is on C-9. The acetoxy group, apparently, should be on C-1.
Bakkenolides-Ya (28) and -Yb (29) were an unseparable regio-isomeric mixture (3 : 2) with the same molecular formula, C 19 H 26 O 6 S. The 1 H-NMR spectrum showed two sets of the bakkenolide type signals bearing a cis-3-methylsufinylacryloyloxy group. One set assignable to 28 has the upfield shifted H-1 signal at d 4.02 and the other set assignable to 29 has the upfield shifted H-9 at d 4.55 indicating the presence of a hydroxyl group on C-1 and C-9, respectively.
Bakkenolides-Za (30) and -Zb (31) were regio-isomers with molecular formula C 24 4) this is the first time 32 has been isolated naturally.
From the above results, it is shown that P. formosanus is a rich source of bakkenolide type sesquiterpenoids. Examining the chemical shifts of the C-1 and C-9 substituents, such as acetoxy, isobutyroyloxy and isovaleroyloxy groups, in the 1 H-NMR spectra, it was found that these substituents on C-1 appeared to have more upfield 1 H-NMR signals than those on C-9 (Table 5 ). This conclusion would be useful for structural elucidation of bakkenolide type compounds.
The isolated compounds were subjected to cytotoxicity evaluation. Among them, compounds 34-37 exhibited significant cytotoxicity in Hep G2, Hep G2,2,15 and P-338 test system (Table 6 ).
Experimental
Melting points were measured on a Yanagimoto MP-S3 micromelting point apparatus and not corrected. The UV spectra were recorded on a Hitachi UV-3210 spectrophotometer in MeOH solution. The IR spectra were recorded on a Jasco IR Report-100 spectrophotometer as KBr discs. The 1 Hand 13 C-NMR spectra were recorded on Bruker AC-200, AMX-400 and Varian-400 Unity Plus spectrometers. Chemical shifts are shown in d values with tetramethylsilane as internal reference. The mass spectra were performed in the EI or FAB (matrix: glycerol) mode on a VG 70-250 S spectrometer. Specific rotations were recorded on a Jasco DIP-370 polarimeter.
Plant Material Petasites formosanus was collected at Al Li mountain, Taiwan, in August 1992 and verified by Prof. C. S. Kuoh. The specimen of this plant was deposited in the herbarium of National Cheng Kung University, Tainan, Taiwan.
Extraction and Isolation Dry roots (4.1 kg) of P. formosanus were extracted with hot MeOH (ϫ8) and concentrated to give a deep brown syrup (280 g). This syrup was partitioned between H 2 O and CHCl 3 , and then nBuOH. The CHCl 3 extract (60 g) was subjected to chromatography on silica gel and eluted with C 6 H 6 -Me 2 CO (25 : 1) to give nine fractions. The first fraction was further chromatographed with silica gel column (C 6 H 14 : EtOAc ϭ19 : 1), preparative TLC and HPLC (C-18 column, MeOH : H 2 Oϭ8:2) to yield 8 (7.2 mg), 9 (12.9 mg), 10 (7.6 mg), 11 (1.3 mg), 12 (8.7 mg), 38 (3.9 mg), 14 (3.4 mg), 15 (1.0 mg), 16 (4.8 mg), 17 (1.7 mg), 18 (2.9 mg), 19 (1.0  mg) and 41 (3.4 mg) . The third fraction was filtered and the crystal was 
